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On a New Case of Interference of the Rays of Light. By the Rev. HUMPHREY 

LLOYD, A. M., M.R.I.A. Fellow of Trinity College, and Professor of Natural 
and Experimental Philosophy in the University of Dublin. 

Read January 27, 1834. 

THE experiment of FRESNEL, on the interference of the lights proceeding from the 
same origin, and reflected by two mirrors inclined at a very obtuse angle, has been 
justly regarded as one of the most important in the whole range of physical optics. 
The principle of interference itself had, indeed, been stated broadly b YOUNG, and 
supported by the evidence of phenomena, which, to the unbiassed inquirer, left little 
to desire. All these phenomena, however, admitted of other possible explanations ; 
and the advocates of the corpuscular theory of light had recourse to these, rather 
than admit the truth of a law which afforded such strong support to the undulatory 
theory. In most of these phenomena, the light was in part intercepted by an ob 
stacle, and it was conceived that, in passing by the edge, the molecular action, which 
might be supposed to exist between the particles of the body and those of light, was 
sufficient to account for the facts observed. But, in FRESNEL'S experiment, the two 
lights which interfere are regularly reflected by the surfaces of the mirrors, according 
to the ordinary laws, and are divested of every extraneous circumstance which could, 
by possibility, be supposed to influence the result. This experiment, accordingly, has 
materially changed the character of the controversy respecting the nature of light ; 
and the advocates of the Newtonian theory, of the present day, are forced to admit 
the principle thus rigidly established, and labour only to show how the theory and that 
principle may be reconciled. 

While examining this important experiment-the adjustment of which is a matter 
of some delicacy-it occurred to me that the fact of direct interference might be 
shown in a yet simpler manner, by the mutual action of direct and reflected light. 
An interference of this kind was assumed by YOUNG to account for some of the phe 
nomena of diffractiOn ; but FRESNEL showed that the explanation was incomplete, 
and that the phenomena in question were caused merely by the interference of the 
secondary waves, reflexion playing no part in their production. Under these circum 
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172 On a New Case of Interference 

stances it is somewhat strange that the fact of the interference of direct and reflected 
tights should not have been itself submitted to the test of experiment ; especially as 
the character of this interference, if it were found to exist, might be expected to throw 
some light upon the laws of reflexion itself. 

The theory of such interference is easily deduced from the general principles. Let 
light proceeding from a single luminous origin fall upon a reflecting surface, at an 
incidence of nearly 900 : a screen placed at the other side of the reflector will be 
illuminated, throughout a certain extent, by both direct and reflected lights ; and, if 
the difference of the paths traversed by these lights amount only to a small multiple 
of the length of an undulation, the two lights will form fringes by their interference. 

Let the intensities of the direct and reflected lights be denoted by a2 and d2, and 
that of the resulting light by 42 ; then, by the theory of the composition of coexisting 
vibrations, we have 

\ A2  a2  2 ad cos Qr a'_8 
  a12 ; 

S and 8' denoting the lengths of the paths traversed by the two waves, from their origin 
to any given point, and X,the length of an undulation. 

Theintensity of the resulting light will be a maximum, and: equal to (a  a')2, at 
those points, for which 

8'....,3\ A 
cos 2 71.  -- 

  1 9 or 8'  a  Qn2 
 ' 

It will be a minimum, and equal to (a a')2, when 

8' S 
cos 2 r    --1, or a'  a  (2n +1). ; X, 

n being any number of the natural series 0, 1,, 2, 3; 86e. Bright fringes, therefore, 
willibe forme& at all,the points included, ini the former equation, and dark ones at the 

points corresponding to the latter. 

Let OP be the reflector, Om the i screen placed in contact with, it, and perpen. 
dicular to its plane ; and let A be the luminous origin, and Al its reflected, image at 
an equal distance below the line 013 p then if.zz be any point, whose illumination is 

required; a  Aivr, e  Ana.. 
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Now if AB be denoted by p, BO by d, and of by x, it is obvious that 

s2=d2+(p-x)2 s2=d2+(p+x)2. 
From these equations we have approximately 

, 
=41 +1C+11 ; 

{1 +12(1)===fd )2 2 --(T 
and therefore 

2px 
-7f =2 tan a x, 

denoting the angle AOB by a. Hence the general expression of the intensity of the light, 
at any point M, is 

2/2  a2  2aa' cos 
(47 

tana d2 

Again, substitiiting for 8' its value just found, we see that the successive fringes 
ill be formed at the distances given by the formula 

= m A cotan a ; 

in which m is any number of the natural series, its even values giving the places 
of the bright fringes, and its odd values those of the dark ones. Accordingly, the 

bright fringes are formed at the distances 0, 21, 41, &c., and the dark ones at the 
distances intermediate, 1, 31, 51, &c., 1 being equal to A cotan a : the successive 

fringes, therefore, are equidistant. It is obvious that the angle a must be very small, 
or the incidence very oblique, in order that the fringes should have any sensible breadth. 

We have hitherto assumed that the light has undergone no change by reflexion, ex 

cepting the change of direction. Let us now suppose that the phase of the vibration 
is accelerated, and let us examine the effect produced in the position of the fringes. 

Let the amount of this acceleration be denoted by the angle for ; then the difference 
of the phases will be 

 
X k 

So that the successive fringes will be formed at the points for which 

a' -8 2 2m X , 

nt being any number of the natural series. But we have already found that 
 8 2 tan a x; so that the points in question are given by the formula, 

x=1-, (m  it A cotan a; 

the even values of m corresponding to the bright fringes, and the odd values to the 
dark ones. It is evident from this that the magnitude of the fringes will be unal 
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tered ; and that the only effect of the acceleration is to push the entire system from 
the edge, the amount of the shifting being equal to i itX cotan a, 

In order to submit these results to the test of trial, I employed the apparatus 
consisting of two moveable metallic plates, which is of so much use in experiments of 
interference. The plates being closed, so as to form a narrow horizontal aperture, the 
flame of a lamp was placed behind ; and the light thus diverging from the aperture 
was received, at the distance of about three feet, on a piece of black glass truly 
polished, and also horizontal. This reflector was then adjusted, so that its plane 
might pass a little below the aperture ; or, in other words, that the light might be incident 

upon it at an angle of nearly 90o. It is evident, then, that the light thus obliquely re 
flected will meet the direct light diverging from the aperture under a very small angle, 
and with a difference in the lengths of their paths which is capable of indefinite dimi 
nution. The two lights, therefore, are in a condition to interfere ; and I found, ac 

cordingly, that when they were received upon an eyepiece, placed at a short distance 
from the reflector, a very beautiful system of bands was visible, in every respect simi 
lar to one-half of the system formed by the two mirrors, in FRESNEL'S experiment. 

The first band was a bright one, and colourless. This was succeeded by a very 
sharply defined black band ; then followed a coloured bright band, and so on alter 
nately. Under favorable circumstances I could easily count seven alternations ; the 
breadth of the bands being, as far as the eye could judge, the same throughout the 
series, and increasing with the obliquity of the reflected beam. The first dark band 
was of intense blackness; but the darkness of the succeeding bands was less intense, 
as they were of higher orders ; and after three or four orders, they were completely 
obliterated by the closing in of the bright bands. At the same time the coloration of 
the bright bands increased with the order of the band ; until, after six or seven alter 
nations, the colours of different orders became superimposed, and the bands vi ere thus 
lost in a diffused light of nearly uniform intensity. All these circumstances are simi 
lar to those observed in FRESNEL'S experiment, and correspond exactly with the results 
of theory. 

These bands are most perfectly defined when the eyepiece is close to the reflector. 
Their breadth and coloration increased with the distance of the eyepiece, but re 
mained of a finite and very sensible magnitude, when the latter was brought into 
actual contact with the edge-a circumstance which distinguishes them altogether 
from the diffracted fringes formed on the boundary of the shadow. 

These fringes appear to me to possess some interest in a theoretical point of view, 
independently of that which attaches to them as illustrations of an important general 
law. Depending on the interference of two lights, one of which proceeds directly 
from the luminous origin, while the other has undergone reflexion, they would seem 
to afford the means of detecting any difference which might exist in their condition 
when they meet, and therefore of tracing the modifications produced by reflexion. 
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There are two circumstances which chiefly demand our attention in the case of re 
flected light--namely 1st, the amplitude of the vibration, on which the intensity of 
the light depends ; and Qdly, the phase. The facts before us seem, to a certain extent, 
to bear on both these points. 

The reasonings of FRESNEL with respect to the intensity of reflected light, are partly 
of an analogical nature, and very far indeed from being strictly demonstrative. Still, 
however, they have led to conclusions fully borne out by experience, and of the most 

interesting kind ; and we can hardly refuse our assent to doctrines which bear with 
them such characters of truth. The formula which FRESNEL has obtained for the in 
tensity of reflected light has not received any direct confirmation from experiment, 
except in the case of a few observations made by M. ARAGO. It results from this for 
mula that the intensity of the reflected light must be equal to that of the incident, or 
the whole of the light reflected, at the limiting incidence of 90l. FRESNEL himself 
notices this consequence, and adds that we should doubtless find it to be experimentally 
true, if we could reach this limit. Now the present experiment affords the means of 

examining this conclusion, and seems fully to establish it. We have already alluded to 
the intense blackness of the first dark bar, in the phenomena now described. As far as 
the eye can judge, the intensity of the light is absolutely nothing, at the points cor 

responding to this bar ; and as the intensity of the light in the dark bands is generally 
expressed by the formula (a a')2, we are forced to admit that a  a', or that the 
intensities of the direct and reflected lights are equal at this extreme incidence. 

With respect to the effect of reflexion upon the phase of vibration, there seems to 
be some uncertainty in the theory. The phenomena of thin plates compel us to ad 
mit that half an undulation is either lost or gained, by the wave reflected from the 
first or second surface ; so that half an undulation must be added to, or subtracted 
from, the difference in the lengths of the paths traversed by the two waves. That 
such an effect should take place is in the highest degree probable from theoretical con 
siderations. The light in the one case is reflected from the surface of a denser, in the 
other from that of a rarer medium ; and the mechanical laws, on which FRESNEL has 
founded the doctrine of reflexion, lead us to the conclusion that the displacements of 
the ethereal particles, in the moment after reflexion, must be of opposite signs in the 
two cases. This difference in the phase of the vibration is equivalent to a difference of 
half an undulation in the length of the path. 

But it does not seem to be clearly understood to which surface we are to attribute 
this physical change in the condition of the ray. Dr. YOUNG, indeed, who was the 
first to state this law, says expressly that where " light has been reflected at the sur 
face of the rarer medium, it must be supposed to be retarded one-half of the appro 
priate interval." I cannot avoid thinking, however, that the very analogy by which 
he himself illustrates this point, and still more the reasonings of FRESNEL on the sub 
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ject, lead to an opposite conclusion, and tend to ascribe the effect which is found to 
take place to reflexion at the surface of the denser medium. In fact, it ssould ap 
pear from FRESNEL'S conclusions, that the sign of the vibratory movement is in all 
cases changed by reflexion at the surface of the denser medium, the angle of incidence 

exceeding the polarizing angle ; and it can readily be shown that this change of sign 
is equivalent to the addition of - 7 to the phase. 

The present case of interference seems to support this view. It follows, as we have 
seen, from theory, that if the light undergoes no change of phase by reflexion, the 
distances of the successive dark fringes from the edge of the shadow will be as the odd 
numbers 1, 3, 5, &c. ; so that the distance of the first dark band from the edge will be 
half the interval between each succeeding pair of dark bands. But it appears, on the 

contrary, from the phenomena, that the distance is, as far as the eye can judge, exactly 
equal to the succeeding intervals ; or that the bands are all shifted from the edge by 
the amount of half an interval. The phenomena, therefore, require us to suppose 
that the phase of the reflected wave is accelerated, and that the amount of this accele 
rhtion is exactly half a phase, or r. For the general expression for the shifting 
of the bands is cotan a; and as this is found to be equal to 4A cotan a, it follows 
that itt =1, or the acceleration equal to r. It appears then that when light is reflected 
at the surface of a denser medium, the wave-at the limiting incidence at least-gains 
half an undulation at the instant of reflexion. 

In order to satisfy myself more fully of the effects of reflexion upon the phase, I 
repeated the experiment with polarized light. The light was polarized, before it 
reached the aperture in the screen, by tranqmisqion through a good tourmaline; and 
the fringes were observed in various positions of the plane Of polarization with respect 
to the plane of reflexion. I could detect, however, no sensible difference in the posi 
tion of the fringes under all these changes of circumstance ; and, in particular, the 
distance of the first dark band from the edge of the shadow seemed, as before, to be 

precisely equal to the intervals of the succeeding bands, whether the light was polarized 
in the plane of incidence, or the plane perpendicular to it. 

This result seems to be just what might be expected from FRESNEIA theory of re 
flexion. From this theory it appears that if  a be the coefficient of the displacement 
of the incident ray, or the amplitude of the vibration, and i and i' the angles of inci 
dence and refraction, the coefficients of displacement of the reflected ray will be 

sin (i i')tan (1*---0 a sin (z 
. 
+2,9 , 

or  a 
tan(i+0 

according as the plane of polarization coincides with the plane of reflexion, or is per 
pendicular to it. Now the former quantity is always negative, so long as i is greater 
than i', or the ray incident on the surface of the denser medium. Under the same 
circumstances, the latter quantity is positive or negative, according as i  is less or 
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greater than 90m, or the angle of incidence below or above the polarizing angle. For 
very oblique reflexion, then, both displacements are negative ; and, therefore, whether 
the plane of polarization coincides with, or is perpendicular to, the plane of reflexion, 
the wave will undergo a change of half a phase at the instant of reflexion. 

From Sir DAVID BREWSTER'S important researches on the nature of metallic reflexion, 
it appears that a plane-polarized ray, which is incident upon a metallic reflector, be 
comes elliptically-polarized after reflexion ; a result which indicates a difference in the 

phases of the two resolved vibrations. But it appears further, from the same researches, 
that this difference of phase varies with the incidence, and vanishes altogether at the 
extreme incidences ; so that at the limiting incidence of 90r, there is either no alteration 
in the phase of vibration, whether parallel or perpendicular to the plane of reflexion, 
or that alteration is the same for the two vibrations. From some observation of the 
fringes produced by the interference of direct light with that reflected from speculum 
metal, I conclude that the former is the case. 
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